In the present work, microfibrillar composites (MFCs) based on polypropylene (PP) /Nylon 6 (NY) blends, along with multi walled carbon tubes (MWCNT) were prepared by melt processing technique.
Introduction
Polymer blending is considered to be an effective and economic method for the production of new materials with superior properties than the individual components. It can also be used as a technique to reuse polymer waste and contribute to improvement of properties like modulus, hardness, impact resistance, etc. (Evstatiev et al., 2002; Lei et al., 2009) . When two or more polymers were intimately mixed, the resulting blend could be miscible, partially miscible or immiscible depending on the free energy of mixing (Van Puyvelde et al., 2005 ).
The blends prepared from a pair of polyolefins and polyamides have been of interest to many researchers as polyamide enhances the stiffness and mechanical properties, while polyolefin contributes to low moisture adsorption and easy processability (Pal et al., 2000; Chow et al., 2003 Chow et al., , 2004 Chow et al., , 2005 Chow et al., , 2015 . As these blends were incompatible and immiscible during processing, the morphology of the dispersed phase could be tailored by special processing techniques. It was observed when the dispersed phase forms the fibrillar morphology it has better mechanical properties.
So, the microfibrillar approach to incompatible blend system was a potential way to achieve high performing composites.
In-situ composites were prepared from the blends of liquid crystalline polymer (LCP) and thermoplastics (Kiss, 1987; Wang et al., 1997; Kim et al., 1998; Kozlowski, La Mantia, 1997) .
However the LCPs are too expensive and have poor comprehensive properties, e.g., the increase in strength and modulus on the sacrifice of toughness and ductility. In order to overcome this problem, Fakirov et al. (Fakirov et al., 1993 (Fakirov et al., , 1993a (Fakirov et al., , 2004 Friedrich et al., 2005; Evstatiev et al., 2000) , Li et al. (2002 Li et al. ( , 2003 Li et al. ( , 2004 Li et al. ( , 2004a Li et al. ( , 2004b Li et al. ( , 2005 and Jayanarayanan et al. (2008 Jayanarayanan et al. ( , 2008a Jayanarayanan et al. ( , 2009 Jayanarayanan et al. ( , 2009a Jayanarayanan et al. ( , 2010 Jayanarayanan et al. ( , 2011 Jayanarayanan et al. ( , 2012 ) introduced a new concept of microfibrillar composites (MFC) from incompatible thermoplastic polymer blends.
The preparation of MFCs involves three basic steps. They are: (1) melt blending of polymers, (2) drawing of extrudate with good orientation, and (3) isotropization step for consolidation.
In the first step, the melt blending of two immiscible polymers was done at a temperature above the melting point of both the polymers. In the second step, the extrudates were drawn in a stretching unit; and in the third step, the drawn extrudates were isotropized at a temperature higher than melting point of low melting point polymer and below that of the high melting point polymer. This results in melting of low melting point polymer and its transformation into matrix, reinforced with microfibrils of high melting point polymer. Here, the fibrils of polymer with high melting point are formed in-situ and diameter of fibrils is in the range of few microns. So, these composites were named as microfibrillar composite.
The mechanical properties of in-situ composites were superior in comparison with the normal composites at same composition, indicating the reinforcing effect of in-situ microfibrils in prior case. The main factors that contribute to enhanced mechanical properties were high aspect ratio and good interaction between the matrix and the reinforcing phase. In a work by Li et al., it was observed that by implementing MFC technology, the tensile strength and modulus are greatly improved in PET/PE system (Li et al., 2004b) . In PP/Nylon 66 MFCs, the tensile strength of in-situ composites increased as Nylon content increased to 15% but decreased further . Friedrich et al. (2005) 
Materials and methods

Microfibrillar composites preparation
The polymers used were Polypropylene and Nylon 6. Both polymers were dried at 100°C for 12 hours to remove the moisture content. Initially Nylon 6 and CNT were 
Morphology
A field emission gun high resolution scanning electron microscopy (HRSEM) was used for studying the morphology of the specimens.
The acceleration voltage used was 20 KV in high vacuum condition. Before taking HRSEM observations, the samples were gold coated to make the samples conducting. To extract the PP phase from the composites, hot xylene was used as the solvent.
Mechanical properties
The tensile properties of MFBs at different compositions and stretch ratios were evaluated by TINIUS OSLEN Universal testing machine (UTM). All the tests were conducted at a cross head speed of 100 mm/min and gauge length of 100 mm and the average values were reported.
Rheological analysis
The dynamic rheology of neat blend (NB) 
Results and discussion
Morphological studies
In The HRSEM micrographs of MWCNT loaded nylon fibrils are exhibited in Fig. 3 .
The average diameter of the fibrils of the extrudates is observed to be more than the values obtained from PP/Nylon 6 neat microfibrillar blends. The average diameter is observed to be 5.1 microns for stretch ratio 2, which decreased to 2.2 microns at a stretch of 5 due to stretching, which further increases to 2.8 microns at stretch of 8.
Mechanical properties
The mechanical properties of PP/NY extrudates at fixed blend ratio of 70/30 w/w % was analyzed as a function of stretch ratio and the results are shown in Table 1 . The stretch ratio employed during the cold drawing has a significant role to play in the conversion of the dispersed phase morphology to fibrillar type.
The stretch ratio employed decides the transverse dimensions of the fibrils which in turn decide the aspect ratio of the microfibrils after isotropization.
From this values we can observe that at a stretch Table 1 .
Rheological studies
The The abundance of microfibrils at stretch ratio 5 reduced cavity formation leading to a relatively ductile failure. From the static mechanical study we can conclude that stretch ratio 5 is optimum for reinforcing PP phase. From the dynamic rheological studies, the storage and loss modulus are found to be high for MFC with stretch ratio of 5, which can be attributed to the overall increase in the stiffness produced by the Nylon microfibrils. 
